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INTRODUCTION 
The South Dakota Water Resources Commission is in the process of 
developing a State Water Plan to analyze current water and land needs 
and problems, to set goals of water · management, and to promote the 
prosperity and general welfare of the state through wise use and 
management of the water and land resources. The State Water Plan will 
inventory the present and future water and related land resources and 
offer guidance on the management o~ the state's water resources (1). 
In order to facilitate planning, the South Dakota Water Resources Com-
mission has designated 16 major drainage areas in the state including 
two noncontributing drainage areas (1). 
Fed~raL regulations (18 CFR 601) concerning grants for water pol-
lution control require that "No grant shall be made unless . . . a 
project is included in an effective current basin-wide plan for pol-
lution abatement consistent with applicable water quality . standardsr: 
(2). Water Quality Management Planning (3) published by the Environ-
mental Protection Agency, set the guidelines for · the development of an 
effect~ve water quality management plan. These guidelines apply to 
~ederal, state, interstate, and local planning agencies concerned with 
the development of water quality management plans required by the 
regulations. The responsibility for .developing the basin water quality 
management plans was fixed with the South Dakota Committee on Water 
Pollution, through the staff of the Division of Sanitary Engineering 
and Environmental Protection, South Dakota State Department of Health 
(1). The water pollution control program of the Division of Sanitary 
Engineering and Environmental Protection was transferred to the newly 
created Department of Environmental Protection by Executive Reorgani-
zation Order of 1973 (4). 
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The long-range objective~ of water quality management plans are to 
improve and maintain established water quality standards (3). For the 
purpose of water quality management planning, noncontributing areas 
have been included in the State's major hydrologic basins and only 
seven major hydrologic basins were designated by the South Dakota Com-
mittee on Water Pollution (1). 
In 1970, Kerwin Rakness conducted a streamflow variation analysis 
for the Big Sioux River (5). The main objective of his study was to 
determine the flow variation of the Big Sioux River throughout the 
year, and to determine the effects of increased water resources usage 
in the Big Sioux River Basin. Rakness, in his study, developed com-
puter programs to analyze streamflow variations for 36 time periods 
throughout the year. The time periods were selected to represent one-
third of each month as separated at the end of the tenth day and 
twentieth day of the month. These data were assembled in flow duration 
tables for seven gaging stations on the Big Sioux River. 
As a result of the study by Rakness, personnel of the South Dakota 
Water Resources Commission requested the Civil Engineering Department 
/ 
of South Dakota State University to process ·streamflow data for 75 
gaging stations within the state and to assemble similar tables to be 
used in preparing the State Water Plan. 
In 1972, Michael Thompson conduc~ed a streamflow variation and 
water quality study of the White River Basin (6). In that study, he 
analyzed the records of ten gaging stations in the White River Basin 
3 
with ten or more years of record, and also investigated existing river 
water quality data for comparison with the water quality required for 
the designated beneficial uses for the White River Basin. Particular 
attention was given to present and future irrigation development in the 
White River Basin. 
For this investigation, the Upper Mississippi-Minnesota Rivers 
Basin in South Dakota was selected for -study. This river basin is one 
of 16 major drainage areas designated by the South Dakota Water Re-
sources Commission for the ·State Water Plan and is also a major hydro-
logic ba~in designated by the South Dakota Committee on Water Pollution 
for water quality management planning. While analyzing the streamflow 
variation of the Upper Mississippi-Minnesota Rivers B~sin, flow records 
of 72 other stream-gaging stations on major rivers of South Dakota 
with ten or more years of record were also ~nalyzed to fulfill the re-
quest of the South Dakota Water Resources Commission. However, in this 
study only the two streamflow-duration tables of the gaging stations 
within the Upper Mississippi-Minnesota Rivers Basin are presented. 
The main objectives of this study were to determine the seasonal 
flow duration relationships for gaging stations in the Upper 
Mis~issippi-Minnesota Rivers Basin, to compare the seasonal variation 
4 
of water quality and streamflow, and ~o investigate the existing water 
quality data for comparison to the water quality needed for designated 
beneficial uses of the surface water in the river basin. The results 
of this study were e~pected to be ~f assistance to the South Dakota 
Water Resources Commission in developing the State Water Plan and the 
Department of Environmental Protection in developing the Water Quality 
Management Plan. 
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INFORMATION ON THE UPPER MISSISSIPPI-MINNESOTA RIVERS BASIN 
Location and Description 
In South Dakota, the Upper Mississippi-Minnesota Rivers Basin, 
with a drainage area of approximately 1,572 square miles, is located 
in the northeast corner of the state (Figure 1). The basin length is 
approximately 105 miles from the southeast end to the northwest end 
of the basin and the width varies from approximately 15 miles to about 
25 miles (7). 
In South Dakota the basin is bordered on the east by Big Stone 
Lake and Minnesota, and on the west by a morainic ridge that separates 
it from the basin of the Big Sioux River. The major portion of the 
area is Minnesota-Red River lowland. The basin is characterized by an 
undulating topography. Elevations range from approximately 1,000 feet 
above sea level at Big Stone Lake to about 2,100 feet above sea level 
( 7). 
Major watercourses of the river basin are the . Little Minnesota 
River, the Whetstone River and Big Stone Lake. The Yellow Bank River 
drains the southern portion of the basin in South Dakota. 
Big Stone Lake is about 26 miles long and has a maximum width of 
about 1 mile. The Little Minnesota River flows into the north end of 
Big Stone Lake, while the outflowing .stream is the Minnesota River. 
The Whetstone River is a tributary of the Minnesota River and enters it 
~ownstream from the south end of the lake outlet (8). 
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Figure 1. Upper Missis~ippi-Minnesota Rivers Basin showing location 
of gaging stations. 
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The ~verage summer temperature for the lake area is approximately 
70°F, with a maximum of 114°F; the average winter temperature is 10°F, 
with a minimum of minus 41°F. The average annual temperature is about 
45°F. The average date of the last killing frost in the spring is May 
12, while that of the first killing frost in the fall is September 26. 
This gives an average length of frost-free season of about 136 days 
(9). 
Mean annual precipitation of the basin varies from 21 inches in 
the north to 24 inches in the south. Rainfall during the growing 
season is about 75 per cent of the total annual precipitation (7). The 
wettest month is June. The dry months are December, January and 
_February; during these three months the average precipitation is less 
than one inch per month (8). 
Sources of Data 
The United States Geological Survey (USGS) and cooperating state 
and federal agencies in South Dakota have had agreements for the 
systematic collection of surface-water records in the state of South 
Dakoti since 1914. Gaging stations were establ ished on the rivers of 
South Dakota for collecting streamflow data. Each station has been 
assigned an 8-digit station number and each river basin has a series 
of station numbers. The Water Resources Division of the United States 
Geological Survey collected and computed these flow records (10). 
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A computer tape (11) containing flow records for the gaging 
stations in South Dakota for the period through 1970 was obtained from 
the United States Geological Survey. The tape contains the flow rec-
ords for 74 of the 75 gaging stations with ten or more years of un-
regulated or regulated flow for which analysis was requested by the 
South Dakota Water Resources Commission. In addition the tape contains 
the records of shorter length for other rivers. The 74 stations have a 
total of approximately 1,600 years of record. Only two gaging stations 
in the Upper Mississippi-Minnesota Rivers Basin are included among the 
stations on the tape (Table 1); the Peever gaging station with 372 
months of flow record for the Little Minnesota River and the Big Stone 
City gaging station with 497 months of record for the Whetstone River. 
The records from these two stations are evaluated in this study. 
The South Dakota Committee on Water Pollution has adopted water 
quality criteria and designated beneficial uses for all lakes, streams, 
and reservoirs in South Dakota (12). The water quality criteria and 
designated beneficial uses for the Upper Mississippi-Minnesota Rivers 
Basin are included in the Interim Basin Plan for Upper -Mississippi-
Minnesota Rivers Basin, South Dakota (7), which was prepared by the 
South Dakota Committee on Water Pollution, Pierre, South Dakota. 
Water quality data for this river basin were compiled from a re-
port that included United States Geological Survey surface water 
analysis data, and Minnesota Pollution Control Agency water quality 
Table 1. Description of the Upper Mississippi-~innesota Rivers Basin stream gaging stations in South 
River 
Little 
Minnesota 
Whetstone 
Dakota (10,11). 
Gaging 
Station 
Peever 
Big S.tone 
City 
Designated 
USGS 
Station 
Number 
05/2900.00 
05/2910.00 
Approximate 
Location 
5.3 miles 
northeast 
of Peever 
1.5 miles 
west of 
Big Stone 
City 
Total 
Drainage 
Area 
(sq. mi.) 
447 
389 
Period of Record Used 
Number 
of 
Begin 
(mo/yr) 
10/1939 
4/1910 
4/1911 
4/1912 
4/1931 
End 
(mo/yr) 
9/1970 
11/1910 
10/1911 
11/1912 
9/1970 
Months 
372 
497 
(0 
\ 
10 
data (13), water quality data collected by the South Dakota Department 
of Health (14), and water quality data r~leased by the Otter Tail 
Power Company (15)(16). 
SEASONAL STREAMFLOW RELATIONSHIP FOR THE UPPER 
MISSISSIPPI-MINNESOTA RIVERS BASIN 
The flow duration curve is a common tool to analyze the avail-
abil ity and variability of the flow in a stream . A flow duration 
11 
curve may be defined as a curve that shows the percentage of time a 
flow is equalled or exceeded at a specific point in a river . The area 
under a flow duration curve represents the total flow· passed through 
the indicated point regardless of ~hether the time uni t is the hour, 
day, ten-day period or month (17). 
The flow duration curve may represent any time pe r iod desired as 
long as the data are from that time period . The flow duration curve 
for any time period represenfs the distribution of flow which occurred 
during that particular time period. For the objective of this study, 
tci determine the seasonal flow duration relationships for the one-
third month periods throughout the year for the stream gaging stations , 
a ten-day period was selected for the time unit and the mean daily 
flows were used to construct the flow duration curve. 
Kerwin Rakness had developed computer programs to analyze stream 
flow variations for 36 ten-day periods throughout the year (5). How..:. 
ever, by using the computer programs developed by Rakness with data 
limited to only seven gaging stations, about 6,000 computer cards and 
excessive computer time would have been required when the programs were 
applied to the tape to evaluate the flow data for 74 gaging stations 
for South Dakota. Consequently, the computer programs were modified 
12 
to reduce the required number of computer cards and the computer time 
to run the programs. 
The modified computer program contained three partial computer 
programs. The .first part of the computer program read the mean daily 
flows from the USGS flow data tape for each one-third . month period _at 
each of the gaging stations and recorded them on a second tape. The 
second partial program rearranged those mean daily flows on the second 
tape in increasing order of magnitude for each one-third month period 
at each of the gaging stations and printed them on a third tape. The 
third part of the computer program calculated the percent of time that 
each flow was equal to as described below. This three-part computer 
program required only about 160 computer cards and a much shorter com-
puter time to process the data. · 
Th~ computer that was used to analyze streamflow data in the com-
puter center at South Dakota State University had a maximum load of 
279,922 data. Restricted by the maximum load limit, the total of 
590~000 streamflow data in the project to evaluate data for 74 statio~ 
in South Dakota had to be divided into thr~e sections. Each section 
contained about 25 stations and 200,000 streamflow data. The modified 
computer program for evaluating streamflow data for stations numbered 
from 05/2900.00 to 06/4085.00 is included in Appendix 1. 
13 
In the third part of the computer program, the percent of time 
that each flow was equalled could be determined from the expression, 
(lOO)y/x. In this case, x was the total sum of all the items in the 
list of flows in increasing order of ·magnitude and y was the yth item 
in the list. For example, if the total number of daily streamflow 
data for a particular ten-day period equalled 200 days during the 
period of record, x would be 200. If y is the 20th flow data in the 
list, the percent would be 10. Each flow list representing a ten-day 
period at a gaging station was treated in like manner and the result-
ing in~ormation was printed on computer data sheets. With these com-
puter data sheets, flow duration tables and curves were prepared and 
plotted manually. 
Tables 2 and 3 are the ·flow duration tables for the Little Minne-
sota River at the Peever gaging station and the Whetstone River at the 
Big Stone City gaging station. Flow duration tables show the mean 
daily stream flows that were equalled or exceeded during the indicated 
one-third month period throughout the year for selected percentages of 
time for the period of rec0rd. For exa~ple; by observing Table 2, one 
could determine that from 1939 to 1970, during the first one-third 
month period of January , the mean daily floW for the Little Minnesota 
River at Peever was 0.3 cubic feet per second (cfs) or greater during 
80 percent of time. The minimum mean daily flow, maximum mean daily 
flow and mean one-third month period flow for each one-third month 
.SO~UIM DAKOTA .~_lATE UNlVERSlT_'( Ll6.BA_ll_ 
~--
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Table 2. fLOW DUF..ATIO~: A~lD l'I:::AN f!.O'n' f()~ n::: LITTLE H:!:!:1;r:SOTA P.IVER 
fOR I};::liCAT£D ?!:F,l~::S Of THI: YEAR 
Station : Peever 
Period o: ?.ecord: 20/1939-S/1970 
USGS Station !10,: 52900 
Flow (cf~) That Was Equalled or rxceeded du~ing Indicated Period of Record 
Tirce 
* 
Percent of Time MEAN 
Period 100\ 90\ 80% 70% 60\ 50\ 25\ 10\ HAX FLOW 
Janua.ry 
1-10 o.o 0.1 0.3 0.14 . 0.7 0.8 1.8 3.3 s.o 1.3 
11-20 0.0 0.1 0.3 o.s 0.6 o.e 1.5 2.7 4.8 1.2 
21-31 o.o 0.1 0.2 0.4 o.s 0.6 1.2 2.6 s.s 1.0 
February 
l-10 o.o 0.1 0.2 0.3 o.s 0.6 1.1 2.2 4.8 0.9 
11-20 0.0 0.1 0.2 0.3 o.s 0.6 1.1 2.7 13.0 1.0 
21-28/29 0.0 0.1 0.2 0.3 o.s 0.7 1.6 13.0 240.0 ~.7 
March 
1-10 o.o 0.2 0.3 0.9 1.0 2.6 12.0 ll~.o 170.0 13.2 
11-20 0.0 0.3 0.8 1.7 3.5 8.0 36.0 75.0 1,300.0 69.7 
21-31 0 •. 3 0.9 4.0 14.0 23.0 40.0 160.0 457.0 3,210.0 174.~ 
April 
1-10 0.9 15.0 42.0 62.0 85.0 126.0 381+.0 900.0 ~,400.0 332.0 
11-~0 5.9 20.0 35.0 ~4.0 70.0 97.0 232.0 541. c 2,550.0 242.0 
21-30 4.4 20.0 30.0 44.0 72.0 97.0 142.0 208.0 1.410.0 117.') 
Ma-J 
1-10 3.6 17.0 25.0 35.0 49.0 65.0 110.0 184.0 .!.,340. 0 92.7 
11-20 2.3 12.0 19.0 27.0 35.0 41.0 78.0 158.0 1,990.0 90.4 
.21-31 1.8 5.4 lO.O 14.0 17.0 24.0 62.0 272.0 2,440,0 1Cr3.0 
'-hmP. 
1-10 1.7 3.7 5.3 9.5 14.0 19.0 108.0 324.0 1,810.0 ll1.0 
11-20 0.7 1.6 3.8 5.7 9. t, 14.0 131.0 236.0 628.0 SO.l 
21-30 0.3 1.2 t •• 3 7.1 14.0 28.0 76.0 138.0 642.0 55.3 
July 
1-10 0.0 1.~ 3.1 5 •. 4 12.0 18.0 39.0 74.0 1,420.0 50.1 
11-20 o.o 0.6 1.5 3.5 6.4 9.4 22 :.o 69~0 1,200.0 33.1 
21-31 O.l o. t. 0.7 1.0 2.3 4.0 12.0 L~O. 0 559.0 18.8 
AU&USt 
1-10 0.1 0.3 o.s 0.9 2.2 3.7 9.5 25.0 132.0 10.!f. 
11-20 0.1 0.3 0.3 0.6 0.9 1.8 5.4 24.0 218.0 7.5 
21-31 0.1 0.2 0.4 0.6 0.8 1.0 s.o 13.0 49.0 4.2 
September 
1-10 o.o 0.2 O.I.J 0.5 0.6 o.a 3.0 7.6 71.0 4 •. 9 
ll-20 o.o 0.2 0.3 c.s 0.6 0.7 2.2 7.0 l~7. 0 3.5 
21-30 0.1 0.3 0.4 0.4 0.5 0.7 2.6 6.6 39.0 3.1 
October 
l-10 0.1 0.2 o.~ 0.5 0.6 0.7 3.4 11.0 87.0 5.3 
11-20 0.1 0.4 0.5 0.6 0.7 0.8 3.3 e.7 52.0 4.0 
21-31 0.2 o.s 0.5 0.7 0.9 1.2 3.6 8.~ 52.0 4.1 
November 
1-10 0.2 o.s 0.7 0.9 1.0 1.6 4.5 9.0 57.0 5.5 
i..l-20 0.2 0.5 0.7 0.9 1.3 2.1 5.5 12.0 41.0 5.4 
21-30 0.1 0.4 0.6 0.9 1.1 2.2 4.5 9.5 27.0 4.1 
December 
l-10 tl.l 0.3 o.s o.e 1.1 1.8 4.0 8.7 19.0 3.4 
11-20 0.1 0.2 0.4 0.5 0.7 0.9 3.4 s.a 13.0 2.4 
21-31 0.1 0.2 0.4 0.4 0.6 o.s 2.4 4.8 8.2 1.7 
' Equivalent to the miniw~~ flow recorded. 
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Table J. fLOW DW.AT!O:~ A ~iD P.Z: f..~: rtc•,; fOR 7:!r: W"~tTSTO~fE Rr!ER 
fOR n;DiCAT.t:D P£?.IOJS Of TBi: '! .t:AR 
Station: Eig Stone City 
Period of Rc.co:-d: 4/19.:..~-11/1910, ~/1911-10/1911, ~/1912-11/1912, ~/1931-9/1970 
USGS Stat ion No .: 52910 
Flo-.l (cfs) That rins I:qt!al:-:!d or Lxceeccd ~~inG I~dicated Period of Record 
Time 
100\ * 
Perce~t of Tirr.e HEA.'l 
Period 90\ BO\ 70\ 60~ . 50% :;:s\ :o\ Y.AX fLOW 
January 
1-10 o.o C.3 1.2 1.5 2.1 2.9 s.o 6.4 20.0 3.5 
11-20 0.0 0.2 1.0 1.5 2.0 2.8 4.6 6.0 16.0 3.3 
21-31 o.o o.o 1.0 1.4 1.9 2.6 4.0 5.2 32.0 3.3 
February 
1-10 o.o o.o 1.0 1.9 2 ... 2.6 4.3 5.9 20.0 3.2 
11-20 0.0 0.2 1.~ 1.9 2.~ 2.8 ~.5 7.5 24.0 3.8 
21-28/29 o.o 0.5 1.3 1.9 2.6 2."9 5.7 16.0 550.0 15.2 
March 
1-10 0.8 l.S 2.'i' 4.0 s.s 8.9 36.0 100.0 1,300.0 39.5 
11-20 0.6 2.9 ~.0 6.6 11.0 17.0 63.0 184.0 2,120.0 88.7 
21-31 1.9 4.4 10.0 18.0 31.0 45.0 1cO.C 422 .• 0 3,190.0 185.0 
April 
1-10 2.2 8.4 16.0 33.0 45.0 68.0 2CS.O 709.0 6,090 .. 0 284.0 
11-20 1.7 9.9 19.0 28.0 39.0 58.0 140.0 369.0 4,710.0 168.0 
21-30 1.1 8.2 13.0 24.0 3S.O sc.o 106.0 201.0 1,300.0 91.5 
May 
1-10 1.1 7.4 15.0 22.0 30.0 40.0 75.0 150.0 2,180.0 78.2 
11-20 0.3 6.0 9.9 15.0 21.0 27.0 59.0 113.0 2,410 .. 0 i2.3 
21-31 o.o 4.8 7.2 10.0 15.0 23.0 52.0 125.0 2,0-20.0 83.1 
!-.::-:e 
l-10 1.3 3.7 7.0 10.0 13.0 19 .o 60.0 203.0 2,62C.O 106.0 
11-20 0.5 3.0 5.0 7.5 !1.0 !6~0 73.0 176.0 1,230.0 65.7 
21-30 0.2 2.~ ~.1 5.7 8.5 15.0 48.0 99.0 932.0 45.1 
July · 
1-10 0.1 1.5 3.3 4.5 5 .. 8 9.1 32.0 64.0 1,890.0 38.6 
11-20 o.o 1.0 2.8 4.0 s.o 7~2 23.0 40.0 1,520 .. 0 26.6 
21-31 o.o 0.4 1.1 2.6 3.9 5.6 1B.O 50.0 1,290.0 30.5 
August 
1-10 o.o 0.1 1.1 1.9 ~.4 5.1 16.0 38.0 590.0 15.7 
11-?0 o.o 0.3 1.1 2.0 2.8 lt.3 12.0 29.0 96.0 9.7 
21-31 0.0 0.6 1.2 1.8 3.1 4.2 8.9 is.o ss.o 6.9 
September 
1-10 o.o 0.4 0.9 2.0 2.8 3.7 6.8 12.0 264.0 9.3 
11-20 . o.o 0.4 o.8 1.8 2.5 3.5 5.8 14.0 51.0 6.1 
21-30 . 0.0 0.4 1.2 1.8 2.4 . 3.5 6.8 12.0 75 .. 0 €.1 
October 
1-10 0.2 o.G 1.2 1.7 2.8 3.8 7.2 13.0 170.0 8.0 
11-20 0.3 0.9 1.5 2.5 3.2 l+'.l 8.4 13.0 101.0 8.1 
21-31 0.6 1.2 2.0 3.0 ~.0 4 .. 4 8.0 12.0 220.0 8.2 
Nove:-cbcr 
1-.!.0 O.IJ 1.3 2.5 3.4 4.2 ~.8 9·. 0 13.0 215.0 9.8 
11-20 0.4 1.3 2.0 3.3 4.6 s.r.; 10.0 16.0 71~. 0 8.8 
21-30 0.'+ 1.3 1.9 3.0 ~.3 5.1 8.6 15.0 58.0 7.8 
December 
1-10 q.2 0.6 1.9 3.0 4.2 4 .. 6 8.6 14.0 49.0 6.8 
11-20 0.2 0.5 1.7 2.2 3.2 4.1 (,.& 10.0 35.0 5 .t. 
21-31 0.2 0.6 1.5 2.0 2.8 3.6 5.6 8.o 32.0 14.5 
t Equivulent to the minimum flo~ recorded · 
/ 16 
period were also included in the flow duration tables. The recorded 
flows indicated by the 100 percent column represent the minimum mean 
daily flow. 
From Table 2 and 3 it can be seen that flows are low in January 
and February, increase in March and reach a peak in April. Flows 
during May, June, July, August and September indicate a gradually de-
creasing pattern; during October and November, flows show a slightly 
increasing pattern, decreasing again in December to their lowest point 
in the first month of the year. 
Figures 2 and 3 graphically illustrate selected percentages of 
time that the mean daily flow at the indicated gaging stations was 
equalled or exceeded. Figures 2 and 3 were plotted directly from the 
information presented in Tables 2 and 3. The 100 percent curve of the 
figures represents the minimum mean daily flow during the period of 
record. For example, the minimum mean daily flow at the Peever gaging 
station 'during the second one-third month period of April was 5.9 cfs. 
The 90 percent curve represents the mean daily flows that were equalled 
or exceeded for 90 percent'of time for .ea?h one-third month period. 
It can be observed from the flow duration tables for this river 
basin that most of the high flows occurred . during spring and early 
summer. Stream .flows during these time periods have also shown wide 
variation between maximum and mininum flows. Low flows occurred 
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Fig~re 2 . Seasonal flow duration relationships for the Little Minnesota 
River a t Peever, South Dakota~ 
0.1 
"0 
. (!) 
"0 
(!) 
(!) 
() 
X 
J:il 
~ 
0 
"0 
(!) 
rl 
rl 
(l'j 
::s 
J:il 
U) 
ru 
~ 
+> 
(ij 
.c 
+> 
U) 
'H 
() 
'-../ 
~ 
0 
rl 
~ 
500 
400 
3C·O 
200 
50 
30 
20 
10 
5 
4 
3 
2 
1.0 
0.5 
0.4 
0.3 
0.2 
18 
lCO% 
Sept. Oct. 
1
Nov. 
1
necj 
Figur e 3 . Seasonal flow duration relationships for the Whetstone River 
at Big Stone City, South Dakota. 
0.1 
Jan. Feb . Mar. Apr. May Jun. Ju1 . Aug . 
during late s ummer and wi nter perio ds a n d f lows increased slightly 
during t he i nterval between late s ummer. a nd early winter. 
The di fferences i n the variab i lity a nd a mount of stream flows 
betwee n t he high flow and low flow period may be a ttributed to the 
source of r unoff . During the high flow per iod of spring and early 
summe r, s t rea m flows were probably derived pr ima rily f r om direct 
surface runoff produced by snowmelt and ra i nfa l l . During the dry 
period of l a t e summer and winter, stream fl ows were probably derived 
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primarily from ground water stor age. Stream flows which were probably 
derived f r om ground water storage , although they we re comparatively 
low, were mu c h more uniform than stream flows f r om direct surface run-
off produce d by snowmelt and rainfall. 
The strea m flows which increased slightly in October and November 
may have been caused by several factors . More ground water was prob-
ably ava ila ble for stream flow when nearly al l of the vegetation was 
dormant after t he k illing frost in t he fall ; a lar g e r amount o1 rain-
fall may have o ccurred at t his time , o r the r a infall that did occur 
may have yielde d g reater runoff. These fa c t o r s were listed by Rakness 
(5-27). Most likely , a c ombination of ~11 o f the a bove factors caused 
the sligh tly i ncreased stream flows in Oc t o ber and No v ember. 
During the period of record , the highest f low that occurred was 
4,400 c f s a t t he Peever gaging station on the Lit t l e Minnesota River 
and 6,090 cfs at the Big Stone City gaging station on the Whetstone 
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River. Both occurred during the firs t one-third month period of April. 
During the late summer and winter the records show that there were 
periods of zero flow at both gaging stations. 
In summary, the flow data in Tables 2 a nd 3 as illustrated in 
Figures 2 and 3 demonstrate that the flow patterns of the two rivers 
in the basin follow a seasonal pattern. For example, during the winter 
period (December through February) mean daily flows were almost always 
low by comparison with flows for other periods. By contrast, during 
the spring period (~~rch through May), the flows increased in March to 
a peak in April and remained comparatively high in May . The summer 
period (June through August) was generally a period of decreasing flow 
although maximum flows in July would seem to indicate that summer 
storms also produced substaritial runoff on comparatively infrequent 
occasions. The fall period (September through November) was also a 
period of low river flows; however, flows appeared to increase during 
this period and minimum flows of slightly greater magnitude were noted. 
WATER QUALITY VARIATIONS OF THE UPPER MISSISSIPPI-MINNESOTA 
RIVERS BASIN 
Water quality data for the Upper Mississ ippi-Minnes ota Rivers 
basin were c ompiled from four different s our ces. The four different 
sources o f water quality data were divided into s p r ing, summer, fall 
and winter seasons. A summary of the water quality data is li s ted in 
Appe ndix 2 . 
A r e vi ew o f water qualit~ data of the major wa tercourse s in the 
basin s howed that the water quality was subject t o wide variation. 
In ge ne r a l, t he waters of the basin have a relat ively high concen~ 
tration of t o tal dissolved solids. The total d issolved solids con-
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centration of t he rivers in the basin may reach 1,200 mg/1 in the 
winter. A hardness of more than 400 mg/1 was f ound to be normal in 
the su r f ace waters, and a hardness of 700 mg/1 is c o mmon in the winter 
when g r ound water storage wa s the major source o f st rea m flow (13). 
Table 4 shows the mean stream flows and s ome char acteristics o·f 
the water qua li ty o f the major watercourses of the basin. In Table 4, 
the year was divided into four seasons -- spring , summer, fall, and 
winter. For convenience of analysis , the spring s eason was considered 
to be the per iod fr om ~arch 1 to May 31; the s ummer sea son, the period 
from June 1 to Augus t 31; the fall season was cons ide r ed to be from 
Septembe r 1 to November 30; and, the winter season fr om December 1 to 
Table 4. Seasonal Water Quality and Water Quantity Variati.ons of Major Watercourses in the Basin 
Parameter1 
Big Stone Lake 
Winter Spring Summer Fall 
Flow (cfs) 
Temperature (°F) 
Dissolved Oxygen 
pH (unit) 
Suspended Solids 
Total Dissolved 
Solids 
Specific 
Conductance 
(micromhos/cm 
@25°C) 
* Total Coliforms 
Fecal Coliforms* 
Sodium 
Iron 
34.4 
9.9 
7.8 
5.9 
830 
1013 
32 
14 
Alkalinity as CaC03 197 
Nitrate 0.6 
1 
48 
10.2 
7.9 
13.9 
650 
833 
118 
10 
162 
0.3 
73 49 
8.8 10.5 
8.2 8.3 
20 19 
655 683 
810 896 
136 49 
26 14 
174 150 
0.1 0.2 
Little Minnesota River 
Winter Spring Summer Fall 
1.95 
34.6 
7.9 
7.5 
78.6 
1304 
1585 
21 
97.6 
1.3 
327 
0.0 
1.37 
40 
11.7 
7.5 
301 
566 
885 
42 
50.6 
0.4 
195 
1.15 
41.6 4 . 4 
69 55 
8.8. 8.4 
8.0 7.6 
24 6.4 
990 1164 
1270 1460 
305 13 
68.3 85 
0.3 0.38 
292 332 
0.3 0.9 
Whetstone River 
Winter Spring Summer Fall 
5.4 
32.7 
11.4 
7.8 
9.5 
1025 
1282 
119 
36 
66 
0.12 
334 
1.7 
121 .0 37.3 8.1 
42.3 
10.7 
7.8 
169 
763 
953 
891 
226 
47.5 
0.9 
245 
2.3 
70.6 46 .3 
7.9 11.3 
8.1 7.9 
33 17.5 
803 830 
1060 1134 
4400 690 
150 69 
46.5 56.3 
0.18 0.12 
264 285 
0.38 0.23 
*All values are mean values for each season. The V?lues are in mg/1 unless indicated otherwise. 
Most probable number per 100 ml. 
tv 
tv 
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February 28. These time periods coincide with the apparent seasonal · 
patterns of flow variation for spring, summer, fall and winter demon-
strated in the previous section. 
The temperature of the water was related to the climate. The 
mean winter air temperature in the basin is low (10°F). As a result, 
the temperature of the water in the winter decreased to the freezing 
point and ice cover existed. In the summer time, the mean air temper-
ature increased to 70°F; and, the surface water temperature also in-
creased to about 70°F. The water temperature during the fall was 
higher than during the spring. The spring and fall water temperatures 
were within the temperature extremes occurring during the winter and 
summer periods. 
The temperature and the probable source of the water appeared 
to have little effect on the dissolved oxygen content of the surface 
waters in the basin. The solubility of oxyge~ in fresh water ranges 
from 14.6 mg/1 at 0°C to about 7.0 mg/1 at 35°C under 1 atmosphere of 
pressure (18-384). As the temperature of the water increases, the 
solubility of oxygen decreases. Ground water usually contains no dis-
solved oxygen. During the winter, the source of flow is stored ground 
water, and a thick layer of ice covers ·the surface of waters in the 
basin. As a result, a Jower dissolved oxygen concentration of the 
basin waters would be expected during winter. From Table 4, it can be 
seen that mean dissolved oxygen (DO) concentrations were well above 
24 
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7.0 mg/1 during all four seasons for the three major watercourses. 
On only a few occasions did DO levels below these occurrences fall in 
a11· four seasons. 
All of the three major watercourses have a higher mean pH value 
during the summer and fall. The rise of pH at this time may be at-
tributed to the algae and plants blooming in the watercourses. During 
the summer, water temperatures are high; these conditions are more 
suitable for algal growth than are the low temperatures of winter. 
Also, during the summer more sunlight is available for algae than when 
ice cover exists in the winter. 
The concentration of suspended solids appears to be affected by 
stream flows. During the winter, stream flows were primarily derived 
from ·ground water storage, and stream flows were low. Because low 
flows do not have sufficient energy to carry large loads of suspended 
solids, the suspended solids concentration of the river waters during 
these periods was low. During the spring, the stream flows increased 
because of surface runoff produced by snowmelt and rainfall. The sur-
face runoff erodes the lan~ and carries · large amounts of sediment to 
the streams, thereby causing a substantial increase in the suspended 
solids concentration of those streams. During the spring, mean con-
centrations of suspended solids for the Little Minnesota and Whetstone · 
River were several times greater than during the other three seasons. 
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The total dissolved solids concentration of water in the basin 
was high in the winter and low in the spring. The ground water in 
this area is quite hard and has an excessive concentration of sulfates 
(15). During the winter months, stream flows were derived primarily 
from ground water storage and had a comparatively high concentration 
of total dissolved solids as shown in Table 4. During the spring, the 
surface runoff which probably had a low concentration of dissolved 
solids tended to dilute the dissolved solids in the stream flows of the 
basin. 
The specific conductance of a water usually varies with the amount 
of total dissolved solids present in the water. Among the three water-
courses, the Little Minnesota River had the highest specific conduc-· 
tance and the total dissolved solids content. 
Total coliform and fecal coliform organisms are indicators of 
pollution caused by domestic wa ste or by agricultural activities. Both 
groups of organisms had higher concentrations during the spring and 
summer and their lowest concentration during the winter for the two 
rivers in the basins. The increased coliform populations occurring 
during the summer may be affected by th~ in~reased temperature of the 
·water and by the change in the primary source of the water. 
The sodium, iron, and alkalinity concentrations in the surface 
waters of the basin were generally higher during the winter when the 
waters were derived primarily from ground water storage and were lower 
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during the spring when the waters were derived primarily from surface 
runoff. Apparently, the source of t~e water was the major factor 
affecting the concentration of these substances in the surface waters 
of the basin. Nitrate concentrations were highest in the spring when 
surface runoff was higher. 
From the data in Table 4, it is apparent that seasonal variations 
in water quality did occur; these seasonal variations could be the 
result of many factor~ includi~g volume of streamflow, temperature, 
algal and plant life in the water, ice cover, ground water inflow, 
surface runoff and other less obvious variables having an influence 
) 
individually or collectively. In general, the soluble ions appeared 
· to hav~ higher concentrations - in the winter when flows were low. 
During the spring high-flow periods, the . suspended solids and nitrates 
concentrations were higher and other substances were present in lower 
concentrations. 
WATER QUALITY AtiD BENEFICIAL USES OF THE UPPER MISSISSIPPI-
MINNESOTA RIVERS BASIN 
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The Water Quality Standards (12 ), which include t h e water quality 
criter i a and the designation of beneficial uses for the surface waters 
of the State o f South Dakota, as well as a plan of imple mentation, were 
adopted by the South Dakota Committee on Water Pollution on February 16, 
1967. Th e Water Quality Standards were approve d by the attorney gen-
eral of the state on March 22;· 1967 .(12) . 
In a d d i t i on, the Committee al~o adopted a poli c y to maintain ex-
isting wa te r quality that is better than the es t a blishe d standards. 
Changes tha t would result in degradation of wa t e r qua lity should not 
be made unles s such a chang~ is justifiable as a r e sult of necessary 
economic o r s o cial development. Any new source o f pollution or in-
creased po l lution from an old source must provide the necessary degr ee 
of treatme nt t o maintain the higher water quality (7). 
The beneficial uses for all lakes, streams a nd reser voirs of 
South Dakota h ave been designated. The designation neither limits nor 
prohibits the water resource from being used f o r b e ne fi c i al uses other 
than those lis ted (7). The major beneficial u ses of the surface 
waters of Sout h Dakota are divided into seven catego ries a nd several 
sub-categories . The beneficial uses which are l isted i n the Water 
Quality Standards ( 12 ) and the beneficial u ses that h a ve been 
designat e d for the major watercourses in the Upper Missis s ippi-
Minnesota Rivers Basin are listed in Table 5. 
It should be noted from Table 5 that the ben e ficial uses of do-
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mestic wa t er supply and commerce and ·industry were not specified for 
Big St one Lake or the Little Minnesota or Whetsto ne Rivers. The uses 
specifical l y designated for these surface waters include d one of the 
categories f o r fish life propagation or recreation as well as for 
irrigation, wildlife propagation and stock watering. Water quality 
characte r i stics specified in the quality standards f or these uses are 
compared with past water quality in the surface water o f the basin in 
subsequent sections. 
Fish Life P r o pagation 
Water s s u itable fo.r fish life propagation were divided into five 
subcate gories . The different subcategories were set up mainly beca use 
certain fi s h are more tolerant of adverse conditions than others (12). 
All the lake s , streams , and reservoirs suitable f o r · each subcategory 
were prescribed by the South Dakota Department o f Ga me, Fish and Parks 
(12). The warm water permanent subcategory of fish life propagation 
was establi s he d for Big Stone Lake; whereas, the warm wa t er semiperma-
nent subcatego r y was established for the Little Minnesota Riv er a nd 
the Whetstone Ri ver (12) . 
. Two major be neficial uses of Big Stone Lake are f ish life propa-
·gation and recr e at ion . Big Stone lake now has a good population of 
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Table 5. The Beneficial Uses of Surface Waters of South Dakota and 
the Beneficial Uses of the Major Watercourses in the Basin 
Big Little 
Beneficial uses category Stone Minnesota Whetstone 
of South Dakota Lake River River 
1. Domestic Water Supply 
2. Fish Life Propagation 
2a. Cold water permanent 
2b. Cold water marginal 
2c. Warm water permanent X 
2d. Warm water semipermanent X X 
2e. Warm water marginal 
3. Recreation 
3a. Immersion sports X 
3b. Limited contact recreation X X 
4. Wildlife propagation and stock 
watering X X X 
5. Irrigation X X X 
6. Commerce and industry 
7. Intermittent stream* 
* Category not assigned to particular streams since its application is 
dependent on streamflow. 
walleyes , . northern pike, catfish and bluegil l s a s well as many rough 
fish (9). The water quality criter i a for warm wa ter perma nent fish 
life propagation and results of analysis o f samples taken from Big 
Stone Lake are summarized in Table 6 . 
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Fi sh are dependent upon dissolved oxygen in waters to maintain the 
metaboli c processes that produce energy for growth and reproduction. 
The ef fects o f dissolved oxygen deficiency vary with temperature, with 
the presence o f toxic substances, with the specie s a nd age of the fish 
and with several other factors (18-180). Because the ox ygen require -
ments o f fish vary with species, the minimum disso lve d ox ygen content 
of waters in South Dakota for warm water permanent a nd s e mipermanent 
categories was set at 5.0 mg/~ (12). 
Fish a nd o ther aquatic life propagate better when pH values of 
w~ter range from 6 . 5 to 8.2; pH values below 5 . 0 or grea t e r tha n 9.5 
are defin i t ely detrimental or even lethal. The permi ss i b le range of 
pH for fi sh de pends upon dissolved oxygen, the species o f fish present, 
the water temperature, and the content of various c a tions and anions 
(19-236). 
Directly, suspended solids may cau~e abrasive injur ies, and clog 
the gills and r e spiratory channels of fish . The s e ttling o f solids 
blankets the s tream or lake bottom to kill eggs o r destro y spa~m ing 
beds. Indirectl y , suspended solids screen out sunlight a nd carr y down 
bacteria to de compo?e organic wastes on the botto m ( 19-280). Turbidity, 
Table· 6. Water Quality Criteria for Warm Water Permanent Sub-
Category of Fish Life Propagation and Past Water Quality 
of Big Stone Lake (12, 13, 14,. 15,· 16) 
Number of Max. Min. Number of samples 
Parameter Limits samples value value outside the limits 
Dissolved 
oxygen 5.0* 40 18.7 3 1 
(greater than) 
pH (unit) 6.5-8.8 40 8.9 7.4 1 
Suspended 
solids 90 40 49 0 0 
Temperature 80 40 80 32 0 
(OF) . 
Turbidity 50*** 28 20 0.05 0 
(j.c.u.) 
Cyanides 0.02 
Iron 0.2 
Hydrogen 
sulfide 0.5 
Note: All value in mg/1 unless indicated otherwise 
* 6.0 mg/1 for Big Stone Lake and Lake Traverse in April and May 
*** 25 J.C.U. for Big Stone Lake and Lake Traverse 
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an expression of only one effect of suspended solids upon the charac-
teristics of the water, can screen out sunlight and reduce the re-
production of food organisms (19-290). 
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Cyanides are toxic to the fish and other aquatic life because they 
inhibit the trans fer of oxygen from the blood to the tissues. The 
toxicity of cyanides is affected by pH, temperature , dissolved oxygen, 
and the concentration of minerals. The toxicity of cyanides is in-
creased as the temperature and the concentration of minerals in the 
water increases. On the other hand, the toxicity of cyanides is de-
creased when the dissolved oxygen level and the pH value of the water 
increases (19-175). 
Water quality data for cyanides, hydrogen sulfide or iron were not 
available for Big Stone Lake to compare with the requirements of the 
standards. Without these data, it is difficult to judge if the over-
all water quality of the lake meets the quality criteria for warm water 
permanent fish life propagation. However, Table 6 shows that the tem-
perature, turbidity and suspended solids data that were available were 
below the limits. Among 40 samples, on1y one pH value and one dissolved 
oxygen value fell outside the limits. Apparently , under normal con-
ditions, the water quality of Big Stone Lake satisfies the water quality 
criteria; but under extreme conditions, the pH value and the dissolved 
oxygen value may not meet the criteria. 
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The sample with a pH value 8.9 was collected on September 12, 
1972. At thi s time, algae were present in visible concentrations (15). 
As compared to other samples, the BOD (f ive day - 20°C), nitrogen and 
coliform group concentrations of that sample were at about the average 
concentrations (15). The increase of the pH value may have been 
caused by the removal of carbon dioxide fr om the water by the algae. 
Therefore, the increase of the pH value of the lake at that particular 
time was probably caused by natural factors and not the result of the 
discharge o f domestic or industrial wastes. 
The sample with 3.0 mg/1 of dissolved oxygen was collected on 
April 2, 1969. With heavy snow and low temperature s in the basin, 
a thick layer of ice was still covering the lake at the sampling time. 
A sample collected three months before the sampling time had a dis-
solved oxygen content of 7.7 mg/1, and a sample col lected two months 
before the sampling time had a dissolved oxygen content of 5.5 mg/1. 
Apparently, a major reason for the decrease in the dissolved oxygen 
content of the water was that the presence of the ice and snow cover on 
the lake prevented replenishment of the dissolved oxygen content. 
The warm water semipermanent .subcategory of fish life propagation 
has been designated for the Little Minnesota River and the Whetstone 
River. 
The water quality criteria for the warm water semipermanent sub-
category of fish life propa gation and the past water quality data for 
34 
the Little Minnesota River and the Whetstone River are shown in Table 
7. Cyanides and hydrogen sulfide data were not available for either 
river; turbidity data were not available for Little Minnesota River. 
Table 7 indicates that the dissolved oxygen content, pH value, and 
temperature of the waters in both rivers were within the limits. The 
maximum values of the iron and suspended solids concentrations for both 
rivers were well above the limits. 
The maximum value of the suspended solids concentration for both 
rivers occurred during high-flow periods. When surface runoff pro-
duced by snowmelt and by rainfall carried large amounts of silt into 
both rivers, the suspended solids results showed a peak value. During 
low flow periods both rivers had a suspended solids concentration well 
below the limits. 
The iron concentrations in both rivers were often above the limit. 
The mean value (0.56 mg/1) of 25 samples taken from the Little Minne-
sota River and the mean value (0.44 mg/1) of 28 samples taken from the 
Whetstone River were above the 0.2 mg/1 limit. High iron concentra-
tions -in both rivers plus a high suspended solids concentration at high 
flow periods caused the water of both rivers to frequently violate the 
present criteria for warm water semipermanent fish life propagation. 
Recreation Uses Category 
Big Stone Lake has long been used for a recreational area. In 
1972, there were two state parks, 14 resorts and many private summer 
Table 7. Water Quality Criteria and Past Water Quality of the Little Minnesota River and the Whet-
stone River for Warm Water Semipermanent Subcategory of Fish Life Category (12, 13, 14, 15 
16) 
Little Minnesota River Number of Whetstone River Number of 
Number of Max. Min. samples out- Number of Max. Min. samples out-
Parameter Limits Samples value value side limits samples value value side limits 
Dissolved 
oxygen 5.0 18 14.5 6.5 0 32 16.1 5.5 0 
(greater than) 
Iron 0.2 25 2.4 0.02 14 28 5.0 0.01 9 
pH 6.3-9.0 24 8.2 6.7 0 60 8.8 7.4 0 
Suspended 
solids 90 16 664 0.0 5 30 677 1 3 
Temperature 
( oF ) 90 26 77 33 0 40 79. 29 0 
Turbidity 
(j.c.u.) 100 - - - - 24 27 28 0 
Cyanides 0.02 
Hydrogen 
sulfide 1.0 
Note: All values in mg/1 unless indicated otherwise 
w 
c.n 
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homes on the shores of the lake. In addition to the heavy summer uses, 
the lake is u sed extensively for ice fishing during the winter (9-4). 
Recreation, the n, is one of the major uses of the lake. 
The l ake has been designated for use under the immersion sports 
recreation us e subcategory. This subcategory of recreation includes 
swimming, water skiing, skin diving and other water sports. The water 
quality criteria for this category usually apply only _during the recre-
ational season (12-16). However, because the lake has been used ex-
tens ively for winter recreation, the water qual ity criteria for limited 
contact recreation have been applied during the winter months. 
The water quality criteria for immersion sports recreation and the 
. past water qual ity of Big Stone Lake are summarized in Table 8. The 
water quality listed in Table 8 includes both the recreation season and 
th~ nonrecreation season. 
Table 8 shows that the water quality of 39 samples taken from Big 
Stone Lake is much better than the criteria for the immersion sports 
subcategory. The criteria for the immersion sports subcategory are 
more restrictive than the criteria for the limited contact recreation 
subcategory. The water quality of Big Stone Lake does appear to 
satisfy the criteria for both immersion sports and limited contact 
recreation. 
Surface wa ter s of South Dakota that have been designated for fish 
life propagation ar~ also designated for recreation use (12). Both 
Table 8. Water Quality Criteria and Past Water Quality of Big Stone 
Lake for Immersion Sports Recreational Use Subcategory 
(12, 13, 14, 15, 16) 
Number of 
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Number samples out-
of Max . Min. side the 
Parameter Limits samples value value l:lmits 
Coliform Not to exceed a MPN 
organisms or MF of 1000/100 ml 
as a monthly average; 
nor to exceed this 
value in more than 
20% of the samples 39 500 0 0 
examined in any one 
month; nor to exceed 
2400/100 ml on any 
one day during the 
recreation season. 
Fecal Not to exceed a con-
coliform centration of 200/100 
organisms ml as a monthly average; 
not to exceed this value 
in more than 20% of the 39 80 0 0 
samples examined in ·any 
one month; nor to ex-
ceed 500/100 on any one 
da y dur.ing the recre-
at ion season. 
Dissolved greater than 2 mg/1 40 18.7 3 0 
oxygen 
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the Little Minnesota River and the Whetstone River are designated for 
limited contact recreation, This subcategory of recreation includes 
fishing, boating, sailing , picnicking, and other water related rec-
reational activit ies. The recreation criteria u s ually apply during 
summer months only (12-16). 
The water quality crite~ia for limited contac t recreation and the 
past water quality data for both the Little Minnesota River and the 
Whetstone River are summarized in Table 9. Total coliform organisms 
data for the Little Minnesota River were not avai l a ble for the com-
parison. 
A total o f 24 samples taken from the Whets tone River were used for 
the total coli form organisms evaluation, and only one of those samples 
exceeded the limit. The sample with the maximum concentrat ion of coli-
form organisms was taken on August 9, 1972 . Flow a t the time of 
sampling was 44 cfs, which is greater than 90 ,percent of the historic 
flow that occurred during the first ten-day period of Au~ust. The high 
concentration of coliform organisms may have been caused by wastes 
carried into the river by surface runoff . The Whetstone River may not 
meet the criteria for coliform organisms of this recreation subcategory 
during periods of high flow. 
In only one of the 21 samples taken from both rivers did the con-
centration of fecal coliform organisms exceed 1000/100 ml; however, 
the concentration did not exceed 2000/100 ml. The dissolved oxygen 
Table 9. Water Quality Criteria and Pa~t Water Quality of the Little Minnesota Riv er and t h e Whet-
stone River for Limited Conta ct Recreat ion Ca tego r y (·12 , 13 , 14 , 15, 1 6 ) 
Parameter Limit 
Coliform Not to exceed a MPN 
organisms or MF of 5000/100 
ml as a monthly 
average; nor to 
exceed this value 
in more than 20% 
of the samples ex-
amined in any one 
month; nor to exceed 
10,000/100 ml 
on any one day during 
the recr·eation season 
Fecal Not to exceed a con-
coliform centration of 1000/100 
organism ml as a monthly 
average; · nor to exceed 
this value in more 
Li ttle Minnesota Ri ver 
Number 
of Max . Min . 
samples value value 
than 20% of the samples 21 
examined in any one 
1600 0 
month; nor to e xceed 
2000/ 100 ml on any 
one day during t he 
recreatio n season 
Dissolved greater tha n 2 mg/1 
ox yge n 
18 14.5 6.5 
Number of 
samples out -
side limits 
0 
0 
Whetstone River 
Number 
of Max. Min. 
samples value value 
24 20,000 5 
33 1900 0 
32 16.1 5.5 
Number of 
s amples out-
side limits 
1 
0 
0 
w 
~ 
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content of the waters in both rivers was well above the limits. Based 
on the past water quality data for both rivers, both rivers meet the 
diiso lved oxygen and fecal coliform organisms criteria. 
Wildlife Propagation and Stock Watering 
All surface waters in the state are used for stock watering or 
wildlife propagation and this use has been designated to all lakes, 
streams and reservoir s of the state (12). Waters in this category · 
are suitable for watering domestic and wild animals, or are habitable 
for aquatic and semi-aquatic wild animals and fowl. Pollutants that 
will cause inhibited growth, physical impairment or injurious effects 
to animals or fowl are not permitted in these waters (12). 
Table 10 compares the water quality criteria for this use category 
and the past water qua~ity of the major watercourses of the basin. The 
concentrations of alkalinity , dissolved solids and nitrates, as well as 
the specific conductance of the water in the three watercourses were 
well below the limits at all times. The pH values were within the 
limits without exception. Based upon the established l~n1its, the water 
quality of the major watercourses of the basin was very satisfactory 
for wildlife propagation and stock watering. 
Irrigation 
All three major watercourses have been designated for irrigation 
use; however, at the present time, surface waters of the basin are not 
Table 10. Water Quality Criteria for Wtldlife Propagation and Stock Watering and Past Water Quality 
of the Major Watercourses o f the Basin (12, 13, 14, 15, 16) 
No. 
of 
Big Stone Lake Little Minnesota River 
No. of 
samples No. 
Max. Min. outside of Max. Min. 
No. of 
samples No. 
outside of 
Whetstone River 
No. of 
samples 
Max. Min. outside 
Parameter Limit samples value value limits samples value value limits samples value value limits 
Alkalinity 
total 
(as CaC03 ) 
Dissolved 
solids 
total 
750 40 
2500 40 
Conductivity 
micromhos/cm 4000 40 
at 25°C 
Nitrates 
(as N03 ) 
pH (unit) 
pH (unit) 
50" 40 
greater 
than 6.0 40 
less than 
9.5 
230 
990 
1210 
2.0 
8.9 
100 0 25 
370 0 21 
310 0 25 
0.0 0 25 
7.4 0 24 
Note: All values in mg/1 unless indicated otherwise. 
381 86 0 41 367 80 0 
1428 203 0 57 1350 177 0 
1770 239 0 60 1780 290 0 
7.4 0.0 0 60 15 0.0 0 
8.2 6.7 0 60 8.8 7.4 0 
~ 
J-1 
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used very. extensively for this purpose. Records of the South Dakota 
Water Resources Commission indicate that only one f armer has been 
granted water rights to take 2.44 cfs from the Whetstone River to ir-
rigate approximately 164 acres of bottom land (7). 
For waters used for irrigation purposes, coliform organisms, fecal 
coliform organisms, total dissolved solids, conductivity, the sodium 
adsorption ratio, and the soluble sodium percentage of the waters are 
major concerns. 
The criteria for irrigation uses apply during the irrigation sea-
son only. The criteria for coliform organisms and fecal coliform or-
ganisms apply to waters used to irrigate root crops or recreation 
areas only (12). 
It is understood that total dissolved solids and specific con-
ductance reflect the salinity of waters. Salinity has an effect on 
t he osmoti c pressure of soil solutions and affects the availability 
o f water for plant consumption. Salinity of water may also have a . 
toxic effect upon the metabolic reactions of plants . The harmfulness 
of high salinity varies widely with the variety of crop, character of 
soi l, drainage conditions, climate, etc .. Good d~ainage of the soil may 
be more important for crop growth than the water used for irrigation. 
~cause of the many variable factors involved, the permissible con-
centration of salts for irrigation waters cannot be too rigid ( 19-107). 
The sodium adsorption ratio and the soluble sodium percentage 
reflect t he sodium concentration of water . Proper amounts of calcium 
and magnesium provide good s oil tilth and structure; if sodium pre-
dominate s , the opposite is true (19-lOS). High concentrations of 
sodium may change soil structure, .decrease soil permeability and in-
crease the pH level of soil (19-109). 
Table 11 compares the water quality criteria for irrigation use 
with the water quality of the three major watercourses of the basin. 
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Coliform o rganisms data for the Little Minnesota River , and sodium 
adsorption ratio and soluble sodium percentage data for Big Stone Lake 
were not available for the comparison. As shown in Table 11, fecal 
coliform o rganisms, total dissolved solids, conductivity, sodium ad-
sorption ratio, and soluble ~odium percentage data are below the limits. 
Only the single maximum value of the coliform organ isms among the Whet-
stone River samples is above the limit. 
As ·explained before, the one sample with the maximum value of 
coliform or ganisms for the Whetstone River was taken at a very high 
flow period. Duri ng very bigh flow periods, the probability of using 
waters for irrigation in this basin is very low. Consequently, this 
single value does not appreciably influence the overall excellent 
quality of water available in the basin for irrigation. 
Table 11. Water Quality Criteria and Past Water Quality of the Major Watercourses in the Basin for 
Irrigation Use Category (12, 13, 14, 15, 16) 
Parameter 
Coliform 
organisms 
Fecal 
coliform 
organisms 
Dissolved 
solids, 
total 
Conductivity 
micromhos/cm 
at 25°C 
Sodium adsor-
ption ratio* 
Soluble Sodium 
Percentage** 
Limit 
10,000/lOOml 
(root crops and 
recreation) 
2,000/lOOml 
(root crops and 
recreation) 
700 to. 1, 500 
1,000 to 2,500 
10 to "26 
30 to 70 
Big Stone Lake 
Number 
of Max. 
samples value 
39 500 
39 80 
40 990 
40 1,210 
No. of 
samples 
outside 
limits 
0 
0 
0 
0 
Whetstone River 
Number 
of Max. 
samples value 
24 20,000 
33 1,900 
57 1,350 
60 1,780 
48 1.80 
48 22.0 
No. of 
samples 
outside 
limits 
l 
0 
0 
0 
0 
0 
When two values are given, they indicate the range in permissab1e limit. 
Little Minnesota 
No. of 
Number 
of 
sample 
21 
21 
25 
23 
23 
samples 
Max. outside 
value limits 
1,600 0 
1,428 0 
1,770 0 
1.80 .o 
25.7 0 
Note: 
*: ~ Calculated from SAR = Na/(~(Ca+Mg))2 where Na, Ca and Mg are concentration of Sodium, Calcium, 
**: 
Magnesium in milliequivalents (meq) per liter of water. 
Calculated from Na% = lOONa/Na+Ca+Mg+K where Na, Ca, Mg and K are concentration of Sodium, 
Calcium, Magnesium, and Potassium in meq/liter. 
~ 
~ 
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Commerce and Industry Uses Category 
In 1970, construction began on a 400 megawatt power generating 
plant at Big Stone City. This plant is being built to supply the in-
creasing demand for electric power in the area and will require 10 cfs 
of water. Several alternatives were considered to supply the 10 cfs 
of water required for the power plant including storage in the Big 
Stone Lake, a Whetstone River reservoir , off-channel storage and ground-
water wells. Factors such as flood control , water conservation, rec-
reation, fish and wildlife , dependability of supply and economy were 
considered in the evaluation of alternatives. Pumping water from Big 
Stone Lake seemed to be the most economical and practical way to ob-
. tain the water required for the plant (20). 
After revi ew of the flow duration tables of both the Little 
Minnesota River and the Whetstone River , it is evident that neither 
river is a reliable water source for the water requ irement. During the 
dry period, 100 percent of the time at the Little Minnesota River and 
90 percent of the time at the Whetstone River, streamflows were less 
than io cfs. Even during the high flow periods, neither river could 
serve as a completely reliable water source. 
Big Stone Lake has not been designated for the beneficial uses of 
commerce and industry ( see Table 5), but the designation does not limit 
nor prohibit this beneficial use. The water quality criteria for com-
merce and industry peneficial uses and the existing water quality of 
Big Stone Lake are summarized in Table 12 . Based on the established 
limit s and the water quality of the lake as shown in Ta ble 12, the 
wa ter o f the lake is satisfactory for the benef i cial use of commerce 
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and industry. Of the 40 samples taken from the lake , none of the total 
dissolve d solids or pH values were outside the limits. 
Table 12. Water Quality. Criteria for Commerce and Industry Uses Category and Past Water Quality of 
Big Stone Lake (12, 13, 14, 15, 16) 
Number Number of 
of Max. Min. samples out-
Parameter Limit samples value value side limits 
Dissolved 
solids 2,000 mg/1 40 990 370 0 
total 
Gr~ater than 6.0 
pH and less than 9.5 40 8.9 7.4 0 
~ 
....:J 
INVESTIGATION OF THE INTERMITTENT STREAM USE CATEGORY IN THE 
UPPER MISSISSIPPI-MINNESOTA RIVERS BASIN 
Sources of Pollution 
Industry in the basin consists of small meat processing locker 
plants, creameries and cheese plants, · and the 400 megawatt, lignite 
fueled electric power generating plant. Because the power plant 
treats and reuses its waste water, no waste water is expected to be 
discharged to any surface waters .. The cheese plant at Big Stone City 
has its own treatment facilities to treat and dispose of its waste 
water. All the other major plants discharge their waste water into 
community sanitary sewer systems. The pollution from industrial 
sources in this basin is not considered a major problem (7). 
A large portion of the land in the .basin is used for agricultur-
al activities. Three major types of po~ential pollution result from 
this activity: siltation, runoff from livestock feeding operations, 
and the use of pesticides and herbicides. Siltation and feedlot run-
off carry tremendous amounts of nutrient material to the watercourses 
and may cause algal blooms and fish kills. Herbicides and pesticides 
are toxic to humans, animals and aquatic life (7). 
With the assistance of the United States Soil Conservation Ser-
vice and the Agricultural Engineering Department of South Dakota State 
University, many farmers have started to take action to solve their 
erosion and feedloi runoff problems. Contour farming, crop rotation, 
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and terra~ing are the most common methods being used in this basin to 
prevent erosion problems. Construction of runoff collection systems 
for existing feedlots and selection of proper locations for new feed-
ing operations are methods being used to prevent pollution from feed-
lots in the basin (7). 
Pesticides and herbicides do not cause pollution problems in the 
basin at the present time. Only a few types of insecticides and 
herbicides have been found in trace amounts in the surface waters. 
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However, as the use of these chemicals tends to increase in the future, 
it is expected that they may be a pollution problem (7). 
Among eighteen communities in the basin, eight major communities 
provide treatment facilities to treat their own waste water. Three of 
these major communities do not discharge waste water into any major 
watercourses or their tributaries. The five communities that dis-
charge waste water into major watercourses are listed in Table 13. 
Table 13 shows · the location, point of discharge, population, daily 
average and design waste water flow, type of treatment and biochemical 
oxygen demand content (BOD five-day 20°C) of the raw and treated waste 
water of the communities. The flows of wa~te water were listed in ~th 
·million gallons per day (MGD) and cubic feet per second (cfs) units. 
According to the 1970 inventory (7), . except for Milbank in Grant 
County, the actual waste water flows of other communities were less 
than their design flows. The treatment facility in Milbank is the 
Table 13. Municipal Waste Water Treatment of the Upper Mississippi-Minnesota Rivers Basin (7) 
Community Flow 2 MGD 2 (cfs) BOD (MGL:l) 
Name Discharge Type of 
(county) to Population Daily Ave. Design Treatment Raw Discharge 
Big Stone Big Stone 0.050 0.086 
City(Grant) Lake 631 (0.077) (0.13) secondary 225 22.5 
S. Branch 
Milbank Whetstone 3,727 0.621 0.335 secondary 217 10.0 
(Grant) Creek (0.96) (0.52) 
Trib. to 
Wilmot Whetstone 518 0.041 0.150 secondary 225 22.5 
(Roberts) River (0.06) (0.23) 
Branch to 
·Little 
Sisseton Minnesota 3,094 0.039 - secondary 250 25.0 
(Roberts) River (0.07) 
Trib. to 
Little 0.026 0.050 
Veblen Minnesota 377 (0.04) (0.077) secondary 225 22.5 
(Roberts) River 
CJ1 
0 
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only one that is hyd r aulica lly overloaded. The raw BOD content in each 
waste water range s from 250 mg/1 at Sisseton to 217 mg/1 at Milbank; 
all are about the same strength. The highest BOD content of discharged 
waste water is 25 mg/1 at Sisseton, which is still less than the 30 
mg/1 limit for discharge to an intermittent stream. 
Application of Intermittent Str eam Use Category 
This category is one of the designated beneficial uses of water-
courses in South Dakota. It ~pplies to watercourses with no flow or 
with flows less than the daily average waste flow or irrigation return 
flow (12). When a watercourse reverts to the intermittent stream 
category, this category takes precedence over other beneficial uses. 
The criteria require that all the waste discharged to the watercourse 
be given the highest practicable degree of ~reatment. The use of this 
category is restrictive rather than permissive (12). 
As shown in Table 13, Milbank in Grant County discharges 0.96 
cfs and Wilmot in Roberts County discharges 0.06 cfs of waste flow 
into the tributaries of the Whetstone River. With a total 1.02 cfs 
of daily waste flow, the mainstem of the Whetstone River can easily 
revert into the intermittent stream category at low flow periods. 
Two communities with waste water treatment units discharged a 
total 0.11 cfs of waste flows into the tributaries of the Little 
Minnesota River. The frequency of zero or near zero flows was the 
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major reason that the Little Minnesota River can be expected to revert 
to the intermittent stream category . 
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SUMMARY AND CONCLUSIONS 
The main objectives of this study were to determine the stream 
flow and water quality variations in surface waters of the Upper 
Mississippi-Minnesota Rivers Basin ·in South Dakota. Special attention 
was also directed to the adequacy of ·surface water quality for bene-
ficial uses within the river basin. 
Flow data from gaging stations located on the Little Minnesota 
River and the Whetstone River were.used for streamflow analysis. Flow 
duration tables for these two gaging stations were prepared using one-
third month periods throughout the y~ar. The maximum, mean and mini-
mum flows for each of the one-third month periods were also listed on 
the tables. 
The water quality data that were uied to determine water quality 
variations and the adequacy for beneficial uses were compiled from 
several different sources. A table was prepared for the compa~ison of 
streamflows and water quality variations for Big Stone Lake, the Whet-
stone River and the Little Minnesota River for the four -seasons of the 
year; tables were also prepared to determine the adequacy of past water 
quality of these surface waters for their specified beneficial uses. 
Conclusions drawn from this investigation are based on the as-
sumption that the past flows in the basin are representative of future 
flows. The results from this investigation support the following con-
elusions. 
1. The Little Minnesota River and the Whetstone River have the 
same type of flow patterns. Stream flows in both rivers are 
high in the spring, low in late summer , increase slightly in 
fall, and are lowest in the winter months. 
2. The water quality of the three major watercourses in the 
basin does vary with the season. In general, the soluble 
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ions appeared to have higher concentrat ions in the winter when 
flows were low. During the spring high-flow periods, the sus-
pended solids and nitrates concentrations were higher and 
6ther dissolved substances were present in lower concentra-
tions. 
3. Under normal conditions, Big Stone Lake is suitable for warm 
water permanent fish life propagation. During extreme con-
ditions, such as during algal blooms in the lake or during 
long periods of ice cover, the lake water may not meet the 
quality criteria. 
4. While the high content of iron and the frequency of high sus-
pended solids concentrations in the Little Minnesota River 
and the Whetstone River may not preclude the possibility of 
fish life propagation, iron and suspended solids concentra-
tions frequently exceed the water quality criteria that have 
been established for this beneficial use. 
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5. Based on the information available, surface waters of the 
basin are suitable for recreation, wildlife propagation, and 
stock watering uses except during very high flows when coli-
form organisms may possibly exceed the established limits for 
the recreation use. 
6. Unlike many surface waters in South Dakota, those of the 
basin are suitable for irrigation uses, but are not used ex-
t ensively for this purpose. 
7. Big Stone Lake is the only surface water presently committed 
for use by industry, and the water quality of the lake does 
satisfy the criteria for the commercial and industrial water 
use category. 
8. The intermittent stream use category can be expected to apply 
to the Little Minnesota and the Whetstone Rivers during zero 
or near zero periods. 
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APPENDIX 1. 
The modified computer program for stations 
numbered from 05/2900.00 to 06/4085 
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--- - ---------- J J J =2 7 ' -- ------- ------------
N= 7,. 
--------- - - -- N.'J = 1 7 , ... - --
N:-JN= 2 7, • 
··--------------- ---~~ = 16 •• 
tc1Mf'-l= 3 7, • 
---- ----------- _________ K= 1 •·•----------- - --- -------
tlB •• OPE1~ FILE ( TAPE),. 
--r-- -- --· _ __ ____: ____ I =52lJOCOO , • ---~---------- . ·-- - - - ----------- ----- ·--- -- -----
cou:--Jr =o.o , . 
--- -~- -- · - - co u:IT.Y=.o.o, _______________ _ 
T=3 ,. 
··- -- - -- - - --- -- ---- X=4 , - -----
Y -=5 , . 
--- - -- __ __ ___ __ A • .• _READ FILE ( T ..\ P E ) . I ~~ TO (.I NP UT. )., _. _ ___ _ _ 
IF OAlA(l } LT 529~000 THE N GO TO A,. 
- --- - ~--· - - --- ---- I r UA r A ( 1 ) . G T. 6 40o 500 T HE;'J . GO .T.O._ D. , ._ 
IF OATA ( l ) =6354860 T HE~ GO TO A, • . 
-----------------
__ :_ _____ _ ______ _ . IF DA TA{ 1 ) =&360000 THcN .. GO .. TO -. At • - - - ----
IF DA TA(l ) =6361000 THEN GO TO A,. 
_ _ IF-- DA f ..\ ( 1) =64026 0 Cl - TH eN . GO - -TO-- At- - - - --·------ - . - -- - ·-
IF OAT A ( l ) =~405000 TH ~ N GO TO A,. 
- · --· --·- ···-------·----1 f. _ DA I ALl }= L . I r1EN .. GO _ _r Q.. _B_, _ _. ______ ~ 
CHECK = l. ,. 
-- - - - - --- __ :._ _____ _ - ---· .. AK = K, •---------· ---- .---. - ----- ---
A3= T,. 
·- ----- -- ·-·--- ----- - -- AC = I, •--- ------~-- --
AD =Cu U:·JT, . 
--·---·- -·- - - -- -----· ___ Af =CHtC K, --------~ -_:_ _ ______ _ _ 
W R IT ~ F IL ~ (T ~PE O> F ~ OM (OUTPT),. 
- - ---- - - -- -- - - ________ ,.\8 = Xr .. ---- --------- - - ----- - - ------- ------- ---
. W~If E F ll ~ (T APEOJ FRO M {OUTPT),. 
~ - -- ---------- --·-------· - A 5 = Y, · ---, -- ------ ------- - - -- - - ----- --- -___ .. _ _ _ 
AO =COUNT Y,. 
·· -...... .. ____ , ·----·-------- -.--- - ----.. -·-----··---------· - --------·-
~---- - ---------------·- · -- - - - ---- --- ----- --·--;-- -
..._... ______________ . -------·--- - --------- ____ __::6~0 -----
WRITE FILE (TAPED) FROM . COUTPT),. 
----- - --- ---- . - I =OAT A ( l),. ----------
COU.\Jf:O.O,. 
---------- C O~r~ T Y= 0. 0, ·---
B •• IF OATA(3)=K THEN GO TO C,. 
- -·--·- -- ----- --- ELS~ GO fD A,. 
C •• CrlECK=Z,. 
-------- S •• . AK=K, . -----
AB=T,. 
·--------------- ---
--------- -- AC=LAf A(l.) , __ 
A D = 0 ,\ T /~ ( J ) , • 
--------- ------- A r- =CHECK, • ---- --
WRITE FILE (TAPED) FROM (QUTPT),. 
---------- -AB=X, . .. ---- ----- ---
Au=DAT A(JJ) ,. 
---------WRI TE- -F llt:. ( TAPEO)-F-ROH--UJUTP-f-4- --:--------------
C 0 U ! J T = C 0 U ;'-l T + 1 , • 
~-------- ---IF - J =l1 . THE;.,. __ GU- TO -- E• - ---------- ·-----
J =J+l,. ~ 
---------- -- _J J = J J + l., _ __________________________ _:___ 
GO TO s,. 
r----------E-. • -- J::;N, · - -··-- -------
JJ =N\J' • 
----- ---- ------ 1 F .. DA l A ( 6 ) = 31 THE.'J -- GO - f 0 F , .• 
I F D A T A ( 6 ) = 3 0 T HE l'l G 0 T 0 G t • 
~---- ------- - --- -· - --1 :: ___ Ct.. i A ( 6} = 2 9 THE ... ! GIJ T 0 H, ~ ---
IF DATA(6)=28 THEJ GO TO L,. 
------------ GO- TO .. S TQP_, •---. ---
G •• M,v. ~~=36,. 
-------------.GO .Tll -- F ,._ 
H • • M H i•1 = 3 5 , • 
--------------- GO . TO F.,·--- ------------------------------------------ - --
L • • ~1 M t""l = 3 4 , • 
-----F • -•-- AK =K., .• ----------- ---~---- --------------------
. A5= Y, . _ 
·------ ---- AC =OATA ( 1),. -------- ------
AD=OAT A(JJJ),. 
--------------- --A r =CHECK , • - ---- ----- -------------------------
WRIT E FILE (T~P~O) FROM {OUTPTl,. 
- -------- - --·- -CLJUN T Y = C JU.~ T Y +1. , · ----- ---- ---------
IF JJJ =MSM TH E~ GO TO AA,. -
··----- ---------- _J J J = j J J + l '. ---------- ---------------------- --- - ------
GO TO F·,. 
- -- - --- - -- --AA • .• J J .J = ~~i\N,. - ------ ----------
M :·I ~\ :: 3 7 , • 
- · ·- ----- -·- -- . GO f 0 . A, .• ---- ----· 
D •• CHECK=l, • 
------------- -- ·--- ·- A l(:: K , • -- --------- - -- ------------- --------------------- - - ---
-A'O=Y,. 
···-- ---- - - __ __ : _______ _ AC = J.,. ----- --------- --- - ----- ------
AJ =CLU Nf Y,. 
-----·-··· ·- --- ---~--- - _ ... ---- ... ----~ -- - --------- ---------·- ----------------
-- - --·-
- ------·-- ------- -- -------· ---,- ~- --·--- - - -~-- , ________ - -
-- -----.. --..... ---- ---- ·- - . 
--~ 
AF=CHC:CK,. 
- · --·---- -· ·-----~---- WK IT E - FILE { f APED) FR0:-.1 ( OUTPT) •-•--------·-
AU=X,. 
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··-----· ·---------- J\D=COU\JT, •·--- -- -- - · ----------·~-----
W~ITE FILL (T~P[O) FROM (OUTPT),. 
·---·- ----·- ----·- --~ _ AB= T,. ____ __ .. . ___ ---··- . ·- - ---- --·-·- ----- -----
WRITE FILE (TAPED) FROM (OUTPT),. 
--·-----·--- __ . I F. K= 12 _THEN _GO TO .. S T.OP., • - -- _ _ 
I<..=K+l,. 
w------·--· -·----- --- CLOSE_ fI LE __ LT APEJ_,_. 
GO TO BB,. 
-------- ·------ __ STO P.. CLOS E_ F 1 L E (TAPE), _. 
CLOSE FILE (TAPEG),. 
------ _______ .END, .• 
-·----- ·------- --- -----·--- ·------------------
·----------- --
-·----~- --
-----------
-· --·-·-------------· - -
- ---- ------ -----
------- - ---~----------
.... ·--... .. ____ .. __________ _ 
------- ·----------- ---- -- ---- ·------------- -----_______ ._...,:_ ___ - ----
----- ------ ·-· ---- - -·----- -------·---------
.. ............ ___ _ 
-~ ---- ---------- -
II JOd ST~EAM FLO~ ANALYSIS BILLY CHEN 0509725227 3340122.29 .. 40 
ASSG ~~ SYSOOlrX'lt(z• -- ------·- -UUTPUT F iL·E-· FROM .. SU RT 
ASSGN SYS002,X'lel 1 INPUT FILE 
II 
II 
II 
II 
II 
II 
II 
AS SGN S YSOO 3, X 1 1. 32 ' ... ·----- ----·- -·--- ·--~JURI\ - FILE -·- ··-····--·· ----------·-·· ···----- ···· -·-- . --- --.- .. - - ·- ------ --
PAUSE fJUT UISK 222222 ON 132 AND SCRATCH TAPE UN 1e2 
U L o L SUR Tv. 1<- 1 , ' W tJ R K ARE A ' ~ 0 0 0 0 
lXTENT SYSOU3,222222,l,0,20,3960 
EX~C SGkT ·-
70001 
7UOUI 
7UC;O I 
](J(J(Jl 
700UI 
7UOO I 
S UK r F I.E L lJ S = ( 1 ~ 1 0, A, 2 l ; 10 ;-A ·;Tt ; t 0 ~ A ;··4 f ·;· (cj ;·-;r;·3-r;·ro-;A'-r;·F 'cj t{M_A.T'= .f). I~· WORK; 1--
R E (, U ;, D T Y P t = F , L l ~~ G T H = ( 5 0 , , 50 ) 
I~! P f- ll B l K S ll E: = :.> 0, C L lJ ~ E= UN L 0 
UUf F IL ULKSIZE=~O 
0 P T I UN ~ f{ I l'~ T = A L l , L A U E L = ( U , U ) . - -- . -- . - ·- --· -- ----- . --- -· - -- ·-- -- -
l: r~ u 
..... ~····· -· --- . ·----.. - · ..- ·---------~---------· .. -·_...._--------·-~--.-- · -----·- .. - .. - ·- ·- ... ·- ------- - -- ·-- - --7 U ':J 0 1 :~ r•l A X = 0 U 2 7 <J (_) 2 2 
7JJll ti = C00072~l 
. 7J~LI G = GOuu0609 
.. - ·-·- ... - . --·---- - ----- ··--- · 
lUOl I PHASt: 0 EI~O , ,\JU DETECTED ERRORS 
-- - ~ ··-- ---- ----- -- -·- -------
-- ... . · - ·~----· --- --- - ----· · ·-· ·---· · - ·-·-·--~------
....... . . --- -·- ·- ·- ·- .. ----- ----·----·--·-... ------ -····· 
. -- ----... --- .. _ .. ____ .. ___________ _ 
··- ---- ... ---- ·· ---.. ----- -------- ... -·--- · .. - ···· ·- -- ----·--
~---·--·-· -·- ···- · - . - -- . -·--·-- ·· - - -······ .. - . 
Q'\ 
i') 
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-·-·--- -----------------
C C C • • P R. 0 C [ 0 U 9, E 0 P T I 0 U S ( ~' A I \1 ) , • 
-- -----·-·---·-·-· ·· .. DcCLAKE 1Ai.> EU FILE IN PUT REC0 i{0 ENVIRONf-1ENT (HEDIUM . _____ ___ ___ _ 
(SYS01 6 ,2400)r(l580,50)~0LABEL ),. 
-- ~-~---- --·-··- ---D ECLh l-ZE -.L . RE C r.~· J, _. ·-------- -_ ------------------·--·-
2 MONfrl PICTURE'ZZZZZZZZZ9', 
.... ____ .. __ - -- ---- -·-- 2 . PER ____ ___ .. _pI: TURE' lllllllll9 '-•-----------------·-·----------
2 STATIO~ PICTUkE'ZZZZZZZZZ9', 
------------- · --- 2 .. FLO~·I. ____ _ __ pIC TUGE' LLZllllll9!.. , _______ _ 
2 CHECK PICTUR.E'lllllllll:j't•-
----·--- __________ _ OPEN .FILE _ { T ,\ P E 0 l, • --· ----- ------- -
ON ~NDFILE (fAPEOl GO TD STOP,e 
-·----- ------ __ _ A • .• . . I=l, • ----------- -- ---- ----- - -··---------·- - - ---------------
SUM=O.O,. .. 
----- -- ------- ---- AVE=O. 0,. - --- -------
£ •• READ FILE(fAPEOl INTO (RECIN),. 
·---- -----·----- ----lF . . CHECK=l TH~N GD -.TO __ c, .._ ___ -----------------
SUM=SLJ!~+-FLOfJ,. 
-- ---- ___ _ .. _____ ___ ____ ____ JF . I=CDUi~T fHEN . GO - TO_ n, _ _. _ _______ _ 
X = I I C 0 U .·~ T * l 0 0 , • 
- - --------------- -PUT . £DfJ __ (fLOW,XJ L FL 10), f{ l0,2J .L,-- ·----------
. .1=1+1,. 
_ _: ____ ______________ Go .ro . B, · - -----~ 
0 •• X=I/COUNT*lOO,. 
----------------- ---- --- .AVf:=SU j'-,/CLU ~'lT • -• ------ ----- - ----- ---- ----------------
PUT EDIT (fLO~,X)(F!lO},Fll0,2)),. 
------------------ PJY -- .S!': I P, • . ~ ... - . -·-- - -·------ --- --- ---- - --- --- --- -- - --
p U T E 0 I T ( ~: 0 \J T H , P E R , S T A T I 0 (J , C 0 UN T , S U i1 , A V E ) ( 6 F ( 1 0 ) ) , • 
··------ ------- ----··PUT .SKIP, • - · 
GO TO A,. 
------------- _ _(, •• . _ COU .'-J f=F LO ~ : t • - · ___ .. _ - ---- ---=-----
pUT t: 0 I T ( f- i 0 i ~ T H , P t: R t S T A f I 0 N , F L 0 lrl , C HECK- ) ( 5 F ( 1 0 ) ) ., • 
---------- - -·--- -----PUT- SKIP,· - - - -- ---. ------
GO TO 8,. 
------------------. STOP. •-- .CLOSE FILE- (TAPED), .-------~- ----------
END,. 
---·---~-------------- · - --- - ~---------
-----------
----------- ------ -·- ---
-·---- - --· .. -------------·----·------------------------- ------------ -- --- -- -
---- .. ------------·---- ---·----------- - -----
........ - -·-------·--- --- ... - ·-----·-------
---:----- -- ·- ~---- .. - ·- ·- - - -- ------- -·------ --
APPENDIX 2 . 
Water quality data for Big Stone Lake, 
Whetstone River and Little Minnesota 
River for the four seasons of the y~ar. 
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Water Quality -Data of Big Stone Lake 
Total Total Fecal 
Date Te~p. Dissolved pH Suspended Nitrate Dissolved coliform coliform Conductivity BOD A1kanility Sodium Turbidity 
(°F) oxygen (unit) solids solids umhos/cm 
su:r..rr.er 
6/12/69 64 8.7 
?/9/69 72 10.6 
8/~169 77 5.6 
6/17/70 80 12.6 
6/14/72 71 7·3 
7/17/72 70 7.8 
8/9/72" 69 10.1 
6/1 ~ /73 75 11.6 
7/16/73 78 9·5 
8/13/73 77 . 5·0 
fall 
9/10/69 . 6) 8.9 
10/9/69 55 . 9·9 
10/30/69 41 9·9 
11/30/71 32 12.7 
9/12/72 64 11.4 
10/17/72 39 il.4 
11/14/72 JO 13.3 
9/10/73 70 8.1 
10/B/73 6) 8.5 
11/5/73 37 11.1 
8.2 
8.1 
?.5 
8.2 
8.3 
B.) 
8.2 
8.6 
8.7 
7·9 
8.5 
8.7 
8.2 
8.1 
8.;9 
8.6 
8.4 
8.1 
7.9 
?.8 
49 
26 
15 
27 
18 
7 
14 
1) 
20 
16 
13 
38 
9 
5 
22 
32 
15 
16 
29 
9 
0.1 
0.4 
O.J 
0.1 
' 0.1 
o.o 
o.o 
o.o 
o.o 
0.1 
0.2 
0.1 
0.3 
0.1 
o.o 
o.o 
0.1 
o.o 
1.1 
0.1 
600 
600 
51~ 
580 
669 
659 
680 
726 
702 
795 
6)0 
.590 
620 
692 
628 
653 
539 
809 
R26 
842 
40 
80 
2)0 
2JO 
400 
20 
5 
75 
25 
2Ei0 
20 
70 
40 
5 
5 
100 
4 
200 
35 
16 
20 
80 
20 
80 
3 
3 
3 
3 
3 
40 
20 
70 
20 
3 
3 
3 
3 
10 
3 
3 
@ 25°C 
690 
720 
670 
I 310 
885 
888 
915 
980 
920 
910 
720 
710 
720 
940 
705 
890 
920 
975 
1121 
1061 
; Note ; The values are in mg/1 unless indicated otherwise. 
).5 
).8 
2.5 
5·9 
3 
4 
22 
9 
11 
4 
6.8 
5 
5 
1 
8 
8 
8 
4 
4 
4 
130 
350 
100 
160 
174 
172 
17h 
172 . 
14-3 
160 
130 
170 
170 
168 
134 
128 
140 
160 
144 
158 
N~trate data expressed as ni.t~ate nitrogen in late 1971 and thereafter. 
49 
55 
60 
61 
51 
54 
8.7 
. 10.6 
11 
10.1 
11 
. 11 
8 
9.4 
20 
8.1 
4 
4 
2 
0"'-
V\. 
Water Quality Data of Big Stone lake 
Total Total Fecal 
Date · Te~p. Dissolved pH Suspended Nitrate dissolved colifcrM coliform Conducti~~ty BOD Alkalinity Sodium Turbidity 
( F) oxygen (unit) solids solids umhostcm 
winter 
1/27/69 35 
2/5/69 40 
12/4/69 36 
1/3/70 32 
2/10/70 :34 
12/?.9/71 32 
2/1/72 32 
12/i3 /72 34 
1/16/73 34 
2/19/73 . 36 
12/5/73 33 
s prj n~ 
7.7 
5.6 
15.) 
8.8 
8.1 
12.4 
16.7 . 
9.4 
6.4 
7.1 
12 
4/2/69 40 l 
4/29/69 53 9.8 
4/13/70 52 6.6 
3/2/72 32 10.0 
4/3/72 35 18.7 
5/15/72 59 9.1 
J/21/73 44 14.5 
4i24/7J 48 10.9 
5/21/73 67 9.1 
7.6 5 
7-5 6 
8.) 13 
7.7 16 
7.7 6 
8.2 0 
8.1 12 
8.1 1 
7.8 3 
7.7 1 
8.0 2 
7-5 20 
7.6 16 
8.1 8 
7-7 8 
7.4 22 
8.1 8 
8.) 15 
8.4 20 
8.) 9 
1.4 
0.7 
0.1 
0.7 
0.9 
0.2 
0.1 
0.1 
2.0 
0 
0.2 
1.0 
0.6 
0.2 
0.3 
0.2 
o.o 
0.2 
o.o 
0 . 0 
930 
950 
780 
690 
730 ' 
787 
893 
751 
795 
8)6 
901-l-
990 
570 
540 
926 
348 
643 
436 
652 
742 
130 
20 
110 
20 
20 
0 
5 
5 
5 
5 
20 
490 
230 
23 
5 
500 
15 
5 
15 
20 
20 
50 
20 
20 
0 
3 
3 
3 
3 
20 
20 
20 
0 
3 
3 
6 
3 
13 
Note ; The values llt"e in m'!, / 1 unless indicatt=\d otherwise . 
@ 25 c 
1100 
1100 
800 
810 
580 ' 
1070 . 
1200 
Jl10 
1150 
1160 
1075 
1200 
680 
330 
1210 
520 
8)1 
760 
970 
1000 
1.1 210 
3·3 220 
5.1 180 
4.1 210 
2.7 230 
2 183 
3 216 
4 168 
2 178 
2 198 
2 ~ 170 
2 230 
).8 1)0 
3·7 170 
3 226 
9 100 
2 160 
13 128 
6 154 
3 166 
Nitrate data expre3sed as nitrate nitror.en in late 1971 and thereafter . 
42 
51 
57" 
25 
47 
49 
41 
3·7 
5·3 
0.05 
3·5 
5·9 
5·8 
0.6 
2 
7 
16 
3·3 
2.8 
6.0 
16 
0.. 
0"-
Nater ~Jality Data of the Whetstone River 
Total 
Date Tebp. Dissolved pH Suspended Nitrate Iron Dissolved Total Fecal Conductivity BOD Alkanili t y Sodium SAR 
( F) oxy~en (unit) solids solids coliform coliform nmhos6cm 
lo:'int~ r 
1/12/67 
1/9/68 
2/6/68 
12/3/68 36 
l/7/n9 32 
12/l7t1 35 
12./29/71 29 
2/1/72 31 
12/8/72 32 
1/16/73 34 
2/19/73 . 33 
12/5/73 32 
spring 
3/)0/67 
3/5/68 
J/20/58 
4/2/68 
h/17/63 
5/1/68 
5/21/68 
5/20./E·B 
3/5/69 
4/?./69 
4/7/-59 
5/2/69 
3/1 7/70 
J/2 /72 
4/3/72 
5/15/72 
3/21/73 
4/24/73 
5/21/73 
33 
33 
35 
41 
34 
30 
)7 
62 
46 
45 
71 
12.6 
11.7 
10.0 
11.2 
10.3 
9.1 
15.1 
11.0 
10.5 
11.9 
12.0 
7.8 
11.7 
11.5 
10.0 
7.4 
8.1 
8.4 
8.4 
8.0 
7.8 32 
?.7 1 
8.0 5 
?.6 9 
7.6 2 
7J., 7 
8,0 11 
7.8 
8.5 
?.8 
7.7 
7.9 
?.8 
7·7 
8.2 
?.'( 
?.4 
7·5 
8. 0 
7.9 
7.6 . 
8.1 
7-9 
8.1 
'8 .. 2 
8.2 
677 
503 
4 
16 
118 
19 
7 
12 
4.1 
0.1 
4.4 
0.2 
4.2 
0.45 
1.1 
1.2 
1.4 
2.6 
0.2 
0.7 
0.8 
1.2 
12 
0.2 
o.o 
0.1 
0.6 
0.1 
9.9 
15 
0.85 
o.o 
o.o 
1.3 
0.8 
0.7 
0.8 
0.1 
0 
0.03 979 
0.01 1350 
0.02 904 
849 
1020 
0.4 909 
0.50 
0.05 
0.05 
o.11 
0.28 
0.08 
o.o6 
0.05 
3·5 
0.36 
5·0 
1248 
1065 
1042 
1034 
917 
995 
370 
576 
758 
740 
936 
1086 
1010 
875 
842 
177 
753 
575 
1038 
744 
635 
740 
931 
907 
270 
160 
30 
120 
15 
1600 
5 
3600 
65 
30 
50 
10 
27 
23 
30 
6 
3 
--
0 
4 
8 
46 
3 
1900 
6 
27 
47 
~ 25 c 
1400 
1780 
1200 
1167 
13'+0 
1250 
1545 
1430 
1500 
1485 
1400 
1255 
_51~2 
810 
1090 
1020 
1160 
1270 
li~OO 
1320 
1204 
1115 . 
290 
1000 
780 
1040 
940 
789 
1015 
1320 
1210 
2 
1 
4 
3 
3 
3 
282 
347 . 
300 
367 
360 0 
346 
356 
330 ° 
322 
215 
319 
285 
80 
249 
194 
2 Jl~2 
5 334 
6 164 
4' 236 
5 25g 
5 __ 268 
Note ; The values are in mg/1 unless indicated. otherwise . 
Nitrate data expresse1 a$ nitrate nitrogen in late 1971 and thereafter . 
53 0.9 
94 1.4 
44 0.8 
62 1.18 
65 1.11 
61.2 
63 
56 
93 
13 o.JJ. 
24 o.s 
85 1.8 
5'~ 1.1 
s6.1 
55 1.0 
72 1.2 
67 1.2 
56 1.03 
57 1.11 
9·9 
34 0.67 
32.2 
33 
60 
51 --
~ 
-J 
Water Quality Data of the Whetstone River 
Total 
Date Te~p. Dissolved pH Suspended Nitrate Iron Dissolved Total Fecal Conductivity BOD Alkalinity Sodium SAR 
( F) oxygen (unit) solids · solids coliform coliform u~hos£cm 
summer 
7/6/~7 
7/2/63 
7/25/613 74 
~/4/69 59 
7/9/69 70 
7/7/70 75 
6/14/72 69 
7/17/72 68 
8/9/72 61 
6/18/73 73 
7/16/73 79 
8/13/TJ 78 
fall 
10/2>/66 
9/13/1)7 
10/6/67 
10/2F3 /67 --
ll/6/~7 
11/28/67 --
9 fl~j6q 
10/3/68 54 
ll/R/68 34 
10/21/70 so 
11/J0 /71 30 
9/12/72 61 
10/1?/72 36 
11/114/72 30 
. 9/10/73 70 
10/8/73 63 
11/5/73 36 
7·9 
8.1 
7·9 
8.1 
?.6 7.7 
5·5 8.?. 
7.4 A.J 
8.1 8.1 
10.1 8.8 
8.3 8.3 
A.l A.l 
8.0 8.0 
8.5 
1).1 
9.8 
13.5 
16.1 
9-7 
6.5 
13.4 
7·9 
?.7 
8 .. 0 
?.8 
7.8 
8.1 
?.6 
8.0 
8.1 
8.0 
a.o 
R.1 
8.2 
8.2 
2.0 
7.R 
t=~ .• o 
40 
22 
26 
21 
32 
3.9 
51 
27 
5 
32 
8 
6 
33 
22 
? 
---- ---· @ 25 ~ 
1.0 0.08 837 
0.1 0.02 841 
o.o 0.36 
0.3 0.01 716 
0.6 0.2 
0.76 0.45 795 
0.6 -- 858 
0.4 -- 734 
0.5 -- 815 
0.1 -- 86F3 
o.o -- 832 
o.o -- 731 
0.6 
0.1 
o.1 
0.2 
0.3 
0.1 
0.5 
0.2 
0.1 
o.o 
0.8 
0.1 
0.1 
0.6 
o.o 
o.o 
0.1 
0.03 
0.09 
0.08 
0.20 
0.03 
0.01 
0.4' 
680 
721 
816 
765 
769 
1000 
724 
799 
803 
790 
1028 
774 
887 
883 
851 
870 
862 
2600 
800 
20000 
340 
JOO 
2400 
140 
40JO 
40 
280 
JOJ 
35 
35 
32 
340 
20 
60 
40 
160 
100 
230 
370 
10 
3 
240 
3 
30 
240 
23 
3 
1130 
1180 
1060 
960 
830 
1080 
1125 
942 
1030 
1200 
,1110 
1090 
972 
1040 
1160 
1080 
10RO 
1340 
1020 
1140 
1132 
1130 
1313 
1160 
1210 
123J 
1045 . 
1156 
1076 
Note : The va1u•.:s are in L"'lrr,/1 unlE!S'> indicated othe!"'.Jise • 
3 
8 
3 
6 
6 
6 
2 
4 
3 
2 
6 
3 
3 
276 
277 
180 
315 
292 
252 
262 
284 
274 
240 
282 
289 
275 
290 
280 
288 
286 
276 
282 
308 
46 
69 
57 
31 
31.7 
49.7 
50 
59 
66 
30 
. 46 
f>3 
44 
42 
71 
44 
65 
65 
52 
69 
69 
72 
. Nitrate data expressea as ~itrate nitro~en in late 1971 and ttereafter. 
0.8 
1.3 
0.61 
o.6 
0.9 
1.2 
0.8 
o.R 
1.2 
0.9 
1.2? 
1.26 
"' CD 
Water Quality Data of the Little Minnesota R!v~r 
Total 
Temp. Dissolved pH Iron Suspended Nitrate di;,~olved Fecal Conductivity Alkalinity Sodiu.':l 
Date (oF) oxygen (unit) solids · solids coliform umho3/cm 
© 2 °c 
winter 
12/l/70 35 10.3 7·5 0.7 123 o.o 1322 60 1640 328 113.2 
2/16/71 33 7.0 7·5 0.8 . 20 o.o 1L~23 3 1770 350 94.0 
2/lt,/72 36 6.5 7·5 2.4 93 o.o ll6'J. 0 1350 )04 85.6 
sprir.f?; 
3/19/61 35 -- 7-5 0.02 -- 2.6 706 -- 983 239 54 
3/29/62 )4 -- 6 .. 7 0 .. 11 . -- ?.4 203 -- 239 86 ).2 4/17/68 -- -- -- 0.3 -- o.o -·· 0 1210 208 88. ) 4/7/69· 39 10.8 -- 2.2 548 0.15 217 0 )40 97 8.5 
3/1 6/70 )4 8.2 7.2 0.)5 6 o.o 987 3 1280 276 90.2 
J/?.3/71 33 12.5 7-5 0.2 -- o.o -- 90 490 130 1?.2 
4/20/71 61~ 14.5 R.o 0.3 215 o.o 7?2 33 1280 255 75·9 
5/19/71 48 --- ?.9 0.4 f>64 o.o 6:28 3 1529 325 98.4 
3/28/72 )4 12.5 R.o 0.2 69 0.2 450 170 635 140 20.) 
su~.:'! :c r 
6/1/~0 7) -- 8.0 0.02 -- 0.4 931 -- 1200 324 57 7/23/68 64 -- -- 0.5 -- o.o -- 53 1450 308 76.8 
7/9/09 76 9.6 8.0 0.06 -- -- -- 120 1235 253 7).6 
7/6/70 77 ?.8 7-9 O.) 25 0.45 10?5 42 1370 2'38 75-9 
7/14/71 75 7·7 7-9 o.s 52 o.o 794 210 1010 290 46.0 
8/26/'?l 59 7-5 8.1 0.6 o.o o.o 1217 60 1460 320 74.5 
6/20 /72 64 10.8 8.2 0.2 15 0.55 957 1600 1210 270 
8/B/'?2 64 9.8 8.2 0.2 32 0.78 1021 53 1200 284 74.5 
. ' 
fall 
10/12/60 57 -- ?.) o.o; -- 0.5 1120 -- 1430 332 76 10/2)/63 64 -- 8.1 0.18 -- 3-8 1110 -- 1470 )81 75 
10/21/70 48 B.) 7-8 0.2 2 .. 2 o.o 12iJ6 3 1500 315 90.2 
9/9/71 63 7.4 7.4 0.7 o.o o.o 11:~7 4() 1400 280 98.4 
10/14/71 54 8.8 7.4 0.8 17 o.o 1240 6 1500 355 81~ 
10/26/72 46 9.2 7·5 -- -- -- -- 3 
0"-
Not.P.: The values are in mg/1 unless indicated other..tise • \0 
